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Introduction
Ophiocordyceps sinensis (syn. Cordyceps sinensis) has long been used as a Traditional Chinese Medicine (TCM) and a tonic in China (Zhou et al. 2009 ). Because of its revered medicinal effect, and economic improvements in China, the market demand for O. sinensis has increased significantly. The price of O. sinensis per gram is now higher than that of gold, with best quality samples being 100-130 USD/g in 2012 (Shrestha & Bawa 2013) . This is the result of increased 854 demand and over gathering, the latter which has caused substantial reductions in populations (Mortimer et al. 2012) .
Ophiocordyceps sinensis, which is gathered from the wild, is a rich source in bioactive compounds (De Silva et al. 2013) , such as polysaccharides (Li et al. 2006) , adenosine and other nucleotide/nucleotides derivatives (Li et al. 2004a (Li et al. , 2006 , ergosterol (Li et al. 2004a (Li et al. , 2006 ), δ-3-ergosterol (Zhu et al. 1998) , cordycepic acid (mannitol) (Li et al. 2006) , crude protein, amino acids, and metal elements (Zhu et al. 1998 ). They manifest a wide range of pharmacological functions (Li et al. 2002 , De Silva et al. 2013 , and its immunity regulation function plays an important role in antitumor and anticancer activity (De Silva et al. 2012a) , prevention and control of diabetes (De Silva et al. 2012b) , organ transplants and therapy for some diseases of the kidney, liver and heart (Kuo et al. 1996 , Zhou et al. 2009 ).
Ophiocordyceps sinensis is restricted to the high altitudes of the Himalayas and Tibetan Plateau (Shrestha & Bawa 2013) . It has been collected at altitudes of about 3200-4200 m in India (Singh et al. 2010) , 3540-5050 m in Nepal (Devkota 2000) , 4200-5200 m in Bhutan (Cannon et al. 2009) , and 3000-5000 m in Tibet, Qinghai, Sichuan, Yunnan and Gansu Provinces in China (Zhou et al. 2009 ). Winkler (2009) analyzed available production data and estimated that the total annual production was in the range of 85 to 185 tons for all production areas in the Himalayas and Tibetan plateau. This yields a huge total estimated global market value of US $5-11 billion (Shrestha 2012) . The market price climbed more than nine times in Tibet from 1997 to 2008 (Winkler 2009 ), and as a result collectors are extending their collecting areas year by year. This has resulted in over exploitation of the pristine landscapes with significant ecosystem degradation (Shrestha 2012) .
Methods for the artificial cultivation of O. sinensis have not yet been successfully developed, despite considerable funds being committed for this by the Chinese government over the past 30 years (Zhou et al. 2009 ). Some fermentation products have been produced using the anamorph state of O. sinensis (Li et al. 1999 , 2006 , Jiang & Yao 2003 . With high increase in the price of wild O. sinensis and a decrease in the annual collection, fake O. sinensis have started to emerge in TCM markets. This is because it is difficult for the average customer to identify fake O. sinensis. An x-ray machine was developed to reveal the fraudulent practice of placing copper and other metals in the O. sinensis insect host which increased the sale value though increased weight (Tuli et al. 2013 ). However, this cannot detect fake O. sinensis, comprising other species of Cordyceps sensu lato, sold in the market.
The purpose of this study was to establish weather fake O. sinensis specimens were being sold in TCM markets. In this study, we used analysis of combined ITS, nrSSU, EF-1α, RPB1 sequenced data and HPLC detection of nucleosides to establish weather the O. sinensis samples were authentic.
Materials & Methods

Specimens and host
Ophiocordyceps sinensis specimens were collected in Linzhi and Basu County, Tibet, China in May 2010. Specimens of O. sinensis were also bought from a Traditional Chinese Medicine market in October 2012. Specimens were stored in plastic containers and transported to the laboratory for identification and analysis.
Morphological characterization
Material was examined under an Optec SZ660 stereo microscope (Chongqing Optec Instrument Co., Ltd, Chongqing, China) where photographs were taken. DNA extraction, PCR amplification and determination of DNA sequences Total genomic DNA of fungal was extracted from dried specimens using an E.Z.N.A.
TM
Fungal DNA MiniKit (Omega Biotech Inc., CA, USA) and Plant DNA was extracted from dried specimens using an EZgene TM Plant gDNA Kit (Biomega Inc., CA, USA) according to manufacturers' protocols and the extracted DNA was stored at -20 C. Two nuclear (ITS, nrSSU) 855 and two protein gene (EF-1α, RPB1) loci were amplified and sequenced (Sung et al. 2007) , for the undetermined fruiting body of the specimens from market, ITS loci was amplified and sequenced.
The PCR amplification and sequencing of ITS1-5.8S-ITS2 rDNA (ITS) were conducted as described in White et al.(1990) , The ITS was amplified and sequenced with the primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') (White et al. 1990) , while primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') were used when amplifying the undetermined fruiting body (White et al. 1990 ). The PCR amplification and sequencing of nrSSU were conducted as described in Sung et al. (2007) . The nrSSU was amplified and sequenced with the primers NS1 (5'-GTAGTCATATGCTTGTCTC-3') and NS4 (5'-CTTCCGTCAATTCCTTTAAG-3') (White et al. 1990 ). In the amplification of EF-1α and RPB1, we followed Sung et al. (2007) and Castlebury et al. (2004) . For the amplification of EF-1α, the primers 983F (5'-GCYCCYGGHCAYCGTGAYTTYAT-3') and 2218R (5'-ATGACACCRACRGCRACRGTYTG-3') were used (Sung et al. 2007 ). Sequencing of RPB1 was performed with the same primers used in the amplification. For RPB1, the primers CRPB1A (5'-CAYCCWGGYTTYATCAAGAA-3') and RPB1Cr (5'-CCNGCDATNTCRTTRTCCATRTA-3') were used in PCR amplification and sequencing (Castlebury et al. 2004) .
All PCR products were sequenced by GenScript Biotechnology Co. Ltd. (Nanjing, China).
Sequence alignment and phylogenetic analysis
The taxon information and GenBank accession numbers used in the molecular analysis are listed in Table 1 , the plant information are listed in Table 2 . The four gene datasets (ITS, nrSSU, EF-1α, RPB1) from the undetermined specimens and natural Ophiocordyceps sinensis from Tibet, plus datasets obtained from GenBank, were aligned using MEGA5.05 Tamura et al. (2011) . Alignments were manually adjusted to allow maximum sequence similarity. Gaps were treated as missing data. Unweighted maximum Parsimony (MP) analysis were performed using PAUP* 4.0b10 (Swofford 2002) . Trees were inferred using the heuristic search option with TBR branch swapping and 1000 random sequence additions. Maxtrees were 5000, branches of zero length were collapsed and all multiple parsimonious trees were saved. Clade stability of the trees resulting from the parsimony analyses were assessed by bootstrap analysis with 1000 replicates, each with 10 replicates of random stepwise addition of taxa (Felsenstein 1985) . Trees were viewed in Treeview and exported to graphics programs (Page 1996) .
Nucleosides Analytical methods
The samples were dried overnight to a constant weight at 55ºC. Cordycepin, adenosine and other nucleosides in fruiting bodies and the host insect was analyzed by HPLC (1200 series, Agilent Technology, U.S.) with a C18 reverse phase column (5 μm, 4.6 ×150 mm, Upelco, Bellefonte, PA, USA). Standard cordycepin, adenosine and other nucleoside samples from Sigma were dissolved in distilled water for calibration. The mobile phase was 10mM KH 2 PO 4 , which was dissolved in methanol/distilled water (6:94). Elution was performed at a flow rate of 1 ml/min with column temperature at 45ºC and at a UV wavelength of 259 nm.
Results
The partition homogeneity test (P = 0.01) suggested that the individual gene partitions were not highly incongruent (Farris et al. 1994 , Cunningham 1997 . Blast searches were made and recent publications studied to reveal the closest matches in GenBank for phylogenetic analysis (Table 1) . The combined datasets comprised 3456 characters after alignment, of which 914 characters are parsimony-informative, 2089 constant, and 453 parsimony-uninformative. Parsimony analysis generated 5000 trees; SH test verified that they were similar, one of which (tree length = 3907 steps, CI = 0.530, RI = 0.777, RC = 0.412, HI = 0.470) and the most parsimonies tree is shown in Fig. 2 The host insect of the fake specimens is not Hepialus armoricanus, and the fungus is not Ophiocordyceps sinensis, but is Metacordyceps taii (asexual state = Metarhizium guizhouense). In the fake samples the insect was identified as a lepidopteran larvae and these were infected by Metacordyceps taii. However, the fungus stromata was in fact false and was the stem of a plant (Fig. 1) . Phylogenetic analysis of ITS gene of the genus Ligularia has proved by 100% bootstrap that this stem belongs to the clade of Ligularia hodgsonii (Fig. 4) . This had been stuck to the insect body and its resemblance to authentic Ophiocordyceps sinensis specimens was remarkable. When chemically tested, the false fungal stromata contained only nine nucleosides, and lacked uracil, adenine, and guanosine which are found in natural O. sinensis stromata. We also analyzed the nucleosides of the insect bodies from the fake ones which were different from the wild O. sinensis from Tibet (Fig. 3) . The insect body of wild O. sinensis contains 13 nucleosides, while the fake ones contained 12 nucleosides.
Discussion
Ophiocordyceps sinensis is one of three Cordyceps sensu lato species listed in Chinese pharmacopoeia (The State Pharmacopoeia Committee of People Republic of China 2010) and is highly valued in TCM attracting a price of 100-130 USD/g per gram, which is higher than that of gold (Shrestha & Bawa 2013) . Thus the practice of producing fake Ophiocordyceps sinensis is likely to become more common and elaborate methods are likely to be developed to produce specimens to sell in the TCM markets. Previous studies have found that nucleosides are the most important bioactive constituents in O. sinensis (Tuli et al. 2013 , Yue et al. 2013 ) and thus the determination of nucleosides in O. sinensis is very important for its quality control (Zhu et al. 1998 ). Winkler (2009) estimated that the total annual production of O. sinensis was in the range of 85 to 185 tons for all production areas in the Himalayas and Tibetan plateau, but the total amount sold in markets is over 200 tons per year all over the world. One fraudulent practice of placing copper, mercury and other materials in the O. sinensis insect host body was developed to increase the weight to increase profits (Wu et al. 1996) . This creates a health risk for patients who take the medicine, and there have been several reported clinical poisoning cases (Wu et al. 1996) . 
Fig. 1 -Fake (A-C) and wild (D-F) Ophiocordyceps sinensis. A. Fake Ophiocordyceps sinensis
showing dead insect and false stroma. Note how the fungal stroma appears to be stuck in the insect. B. Fake stromata with surface sliced (white area) to reveal inner part. There are no ascomata. C. Join between fake stromata and insect larvae. It appears to have been stuck inside the insect. D.
Wild Ophiocordyceps sinensis with insect and fungus stroma. E. Dark brown, nearly superficial ascomata on stromata of wild Ophiocordyceps sinensis. F. Area where fungus emerges from insect larvae.
The need to develop methods to detect fake O. sinensis is paramount. In China, adenosine is presently the only chemical constituent tested to authenticate and control the quality of O. sinensis (The State Pharmacopoeia Committee of People Republic of China 2010). X-ray machines however, were developed to reveal the fraudulent practice of placing copper and other metals in the O. sinensis insect host (Tuli et al. 2013 ). Au et al. (2012) used light and polarized microscopy to compare the cell tissues of the insect and stromata to authenticate O. sinensis artificial counterfeits and some fermented Cordyceps products as well as Cordyceps capsules available in markets. They showed that microscopy is a reliable method that needs only few samples for the authentication of Ophiocordyceps sinensis and its related products. Markers and distinct fingerprints from different constituents from sources of Cordyceps have also been reported (Gong et al. 2004 , Li et al. 2004b . Several analytical techniques are available to detect of the main nucleosides in Ophiocordyceps sinensis, such as thin layer chromatography (TLC) (Hu et al. 2008 , Ma et al. 2008 , and capillary electrophoresis (Li et al. 2008 , Sun et al. 2008 ). However, these methods can only determine one or several nucleosides with relatively high content in O. sinensis, and trace amounts of several other nucleosides or its derivatives cannot be detected by the above two methods. This is not accurate for distinguishing the more than 400 species of the Cordyceps sensu lato (Wen et al. 2013 ) and counterfeit production of Ophiocordyceps sinensis and may be why the counterfeiters added nucleotides to the false stromata. In this study, 13 nucleosides and derivatives were detected from natural O. sinensis in a single experimental run with high performance liquid chromatography (HPLC). This method can therefore be used for effective quality control of O. sinensis.
Some authors have reported that a single gene marker can be used for the identification of O. sinensis and its related products (Hseu & Chen 2001 , Weng & Li 2008 . Unfortunately, these methods are not thoroughly optimized, and extensive work is still needed to accurately identify different Cordyceps sensu lato species and products in the market with high efficiency. No effective molecular diagnosis protocol provides a specific and sensitive probe for this important and expensive TCM. It is necessary to identify a SNP -rich region to enable rapid species-specific Figs 2 -Phylogenetic relationships among fake Ophiocordyceps sinensis and other related species based on combination of four genes (ITS, nrSSU, EF-1α, RPB1). Bootstraps values (1000 replicates) are indicated above the nodes. The tree is routed to Glomerella cingulata. * Denotes an ex-type isolate. { Denotes an ex-epitype isolate. 
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Ligularia anoleuca AB557884 primer and probe designs for Ophiocordyceps sinensis in the future like as has been developed for some plant pathogenic fungi (Tao et al. 2013) . As previous studies have indicated, an appropriate DNA barcode marker for fungal species identification is judged by two important criteria including the suitable intra-and interspecific variations and the high success rate of PCR amplification and sequencing (Hollingsworth 2009 , Peng et al. 2011 . In this study, we confirmed that the partial EF-1α and RPB1 are good DNA markers for Cordyceps sensu lato species as compared with ITS and nrSSU. ITS has been routinely used to study the phylogenetic relationships among different species of varies fungal groups and has also been regarded as the universal DNA barcode for the kingdom Fungi (Schoch et al. 2012 , Nilsson et al. 2014 ), but does not work in many fungal groups (Maharachchikumbura et al. 2012 , Hyde et al. 2014 , Udayanga et al. 2014 . In this study, we found that ITS and nrSSU have a high similarity among the tested species in Cordyceps sensu lato with some intra -and interspecific overlapping between species in the single gene tree.
The method for quality control is important to ensure authenticity and quality of Cordyceps species and products (Li et al. 2006) . In this study, chemical and multi-gene loci phylogeny are simultaneously used for identification and quality control of Ophiocordyceps sinensis; the methodology is quick and highly efficient. This is the first time to report fake O. sinensis made from Metacordyceps taii, however this method may become common for counterfeiting Ophiocordyceps sinensis in the future because of its remarkable similarity.
The strategies used for identification O. sinensis using combined sequenced data from the multi-gene loci could have a wide application in other TCM and in fungal biotechnology.
